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PLANTCOMMUNITYSTRUCTUREANDFUNCTIONIN A SWAMPFOREST

VVITHIN THEATLANTIC RAIN FORESTCOMPLEX*. A SYNTIIESIS

Fabio Rubio Scaranu

(Plant community structure and function in a swamp forest within the Atlantic rain forest complex: a synthesis)

Th is paper synthesises a decade of research on a swamp forest within the Atlantic forest complex mthe State

of Rio de Janeiro, Brazil. I propose thatthis swamp is a fragile ecosystem, since its diversity and tunctioning

are highly dependent on a specific interaction between two functional groups: shade-providers (locally rare

trees) and providers of safe germination sites (terrestrial bromeliads). This conclusion is based on a broad set

of data regarding plant ecophysiology, population and community ccology and phytogeography, which I

revicw here. I discuss the implications of these findings for conservation and restoration of swamps at the

Atlantic forest complex.
.
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(Estrutura e funcionamento da comunidade vegetal de umpântano no domínio do complexo da lloresta pluvial

atlântica- uma síntese) Este artigo sintetiza uma década de pesquisas realizadas emumpântano pertencente ao

complexo vegetacional atlântico no estado do Rio de Janeiro, Brasil. Eu proponho que este pântano c um

ecossistema frágil na medida em que seu funcionamento e sua diversidade são altamente dependentes da

interação específica entre dois grupos funcionais: os geradores de sombra (árvores localmente raras) e os

geradores de sítios seguros para germinação (bromélias terrestres). Esta conclusão se baseia numamplo conjunto

de dados referentes à ecofisiologia, ecologia de populações e comunidades, e fitogeogratia, que são revisados

aqui Eu discuto as implicações destes resultados para a conservação e restauração deste tipo de vegetação.

Palavras-chave: crescimento clonal, epífitas, estabilidade de ecossistemas, fotossintese, grupos funcionais,

pântano. .
— —— —

Introduction

Although Brazilian flooded habitats

reprcscnt a considcrablc proportion of the

contincnfs (and therefore of the world s)

wetlands, the major wetlands ol Brazil cover

only 2% of the country’s large territory

(WCMC1992). This may partly explain why,

from a plant ccology standpoint, Brazilian

freshwatcr wetlands are still less than well

known. Despite some relevant scientific cllorts

regarding Amazonian floodcd forests (c.g.,

Parolin et al. 2004), the Pantanal

Matogrosscnse (e.g., Pott 2000), and the

gallcry forests of central and southcastern

Brazil (e.g., Lobo & Joly 1998), there are still

many gaps to be filled. For instance, hardly

any scientific concern lias becn directed

towards the freshwatcr swamp forests of the

Atlantic forest complex in south-castcrn Brazil,

and their cxistence is not even mentioncd in

reviews of Brazilian (Joly 1990) and South

American (Junk 1993) wetlands. Perhaps, this

is bccause very little of the once extensive

Atlantic rain forest (ARF) remains intact and

its Iowlands, especial ly, have been sevcrely

impacted. Estimatcs of deforestation of the

ARFare always alarmingly higli, ranging from

90 to 98% (e.g., Leitão-Filho 1993; Myers et

al. 2000; WCMC1992).

Nevcrtheless, the ARF stands out as

onc of the main centres of biodiversity in the

world, with high species diversity and high leveis

of endemism. It is considered one of the 25

biodiversity hotspots of the world for

conservation priority (Myers et al. 2000).

I lowever, it is often unelear what is considered

as ARF, which results in some of the variation

regarding the deforestation estimatcs above.

For instance, in rcccnt review papers, Morellato

& Iladdad (2000) defincd it as a vegetation
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composed of a Coastal rain forest and a semi-

deciduous forest type; Oliveira-Filho & Fontes

(2000) proposed a more comprehensive
defmition encompassing rain forests, semi-
deciduous forests and also the Southern
subtropical Araucaria forests and the north-

eastem enclaves of brejo forests; and Scarano

(2002), following Rizzini (1979), was even
broader and proposed that from evolutionary

and conservation viewpoints the Atlantic
Coastal vegetation of Brazil, particularly in the

case of the State of Rio de Janeiro, should be
treated as a mosaic comprising all forest types
(including swamps and mangroves) and also

the neighbouring open vegetation (such as those
on restingas and inselbergs).

In this paper we follow the perspective
of Rizzini (1979) and Scarano (2002), while
reviewing a decade of research in one of the
vegetation types at the pcriphery of the ARF
sensu stricto, i.e. the lowland swamp forests.

The plant communities at the periphery of the
ARF(see Scarano 2002) are subjected to more
extreme environmental conditions than those
in the mesic rain forest (Scarano et al. 2001),
but their flora often consists mostly of rain
forest species (Rizzini 1979). These marginal
communities are faced with a wide array of
adverse environmental conditions, such as high
and low temperaturcs including freezing,
flooding, drought, constant wind, high salinity

and lack of nutrients. Thus, diversity,
productivity and structural complexity are
expected to be lower in these communities.

The studies reviewed here were
conducted in one of the last well-preserved
remnants of swamp forest in the Biological
Reserve of Poço das Antas, state of Rio de
Janeiro. At this point, it is important to highlight
that the Portuguese word for swamp -
‘ pântano

’ - is hardly ever used in Brazil to

describe "forested freshwater wetlands on
waterlogged or inundated soils ... ", as
quoted from the Ramsar Convention that
attempts to define wetlands (WCMC1992).
Domeles & Waechter (2004) lists a series of
terms used to describe Brazilian forests

subjected to phreatic flooding and 'matinha

pantanosa is the closest it gets to swamp.
Although it is clear that the classification of

the Ramsar Convention is fraught with

problems, due to the enormous variety of
wetland types even within a given group (see

WCMC1992) such as ‘swamp’, in Brazil there

should be an attempt to standardize the

terminology of such forests.

The hypothesis first forwarded by
Scarano et al. (1998), to explain the low
resilience of the swamp forests of Poço das

Antas, is now further developed, and I present

a more detailed functional model describing

interactions between distinct plant functional

groups. Finally, 1 discuss the relevance of these

findings for conservation and restoration of
these wetlands, as well as some of major
research gaps to be filled regarding the ecology
of Atlantic forest swamps.

Stldy Site

The data reviewed here were collected
inside ca. 2 ha of a well-preserved remnant of
swamp forest in the Biological Reserve of Poço
das Antas (22°30’S, 42»! 5’ W), municipality of
Silva Jardim, state of Rio de Janeiro, south-
east Brazil. The Reserve covers c. 5000 ha
with a perimeter of 44 km. Rainfall is well
distributed throughout the year, w ith a discrete
dry season from May to August. Plants
growing in the swamp forests withstand c. 1 00-
365 d per year of phreatic flooding, depending
on topographic position. This forest remnant
shows a topographic gradient from a flood-íree
site through a periodically flooded site to a

permanently flooded site. Scarano et al. ( 1 997)
described the differences between the
periodically and the permanently flooded sites.

The terrain of the periodically flooded site is

slightly irregular due to subtle topographic
variations. The local differences between lower
and higher patches are often < 30 cm, but this
is sufficicnt to cause large diflerences in terms
of the duration of flooding. The lower patches
are likely to be flooded for up to 300 d per
year, while the higher patches may be entirely
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free of flooding in certain years. Thus, there

is a mosaic of flooded and non-flooded

patches which will unpredictably vary

throughout the year depending upon the

rainfall. The pcrmanently flooded site differs

for having a superficial water-table reaching

up to 30 cm deep, and a more open canopy.

These differences result in distinct floristic

compositions: while the periodically flooded

site has higher species diversity, the

permanently flooded site is a monodominant

forest, where the deciduous tree Tabebuia

cassinoides (authorities and families ofplant

species are listed in Table 1, unless

othcrwisc stated) contributes with some 63%

of the adult trees and the herb stratum is

denscly occupied by bromeliads.

These swamps were subjected in a

recent past (ca. 40 years) to wood extraction

and changes in the flood-regime duc to the

construction of a dam. Forest fragments rise

from large extensions of treelcss peat which,

at one time, were swamp forests. The virtual

disappearance of these once large extensions

of forest resulted in the fragmcntation of

flood-free forests and, among many other

consequences, in the almost extinction of the

golden-lion-tamarin {Leontophitecus

rosalia rosalia) which has a preference for

this habitat. The extent of this damage is

such that the Reserve, which was created

to preserve the last specimens of this animal,

has 40% of its total area either partially or

totally degraded (IBDF 1981).

Table 1 - Species abundance in a 0.5 hectare plot in the permanently flooded swamp. Plants

sampled had diamcter at breast height $ 3.5 cm.

Spccie^ Family)
~ No. of trees Classillcation

1110

83

69

69

52

50

I Kn<33

Tabebuia cassinoides DC. (Bignoniaceae)

Calophyllum brasiliense Camb. (Clusiaceae)

Symphonia globulifera L. (Clusiaceae)

Myrtaceae sp.

Melastomataceae sp.

Lonchocarpus cultratus ( Vell.) Az, Tozzi &
H.C. Lima(Fabaceae)

Myrcia racemosa (O. Berg) Kiaersk (Myrtaceae),

Henriettea sp. (Melastomataceae), Euterpe edulis Mart.

(Arecaceae), Eugenia expansa Spring (Myrtaceae),

Tabebuia umbellata (Sond.) Sandwith (Bignoniaceae),

Eugenia cachoeirensis Berg (Myrtaceae),

Andirafraxinifolia Benth. (Fabaceae), plus four more species

Eugenia umbosa Berg (Myrtaceae), Myrcia faltax < 10

(Richard) DC. (Myrtaceae), Platymiscium jloribundum

Vogei (Fabaceae), Tovonútopsis paniculata Planch

& Triana (Clusiaceae), Bredetneiera autranii Cliod.

(Polygalaceae), Gomidesia sellowiana O. Berg (Myrtaceae),

Bactris sp. (Arecaceae), Marlierea georgeana G.M.

Barroso (Myrtaceae), Sparailospernia leucanlhum (Vell.)

K. Schum. (Bignoniaceae), Inga edulis (Vell.) Mart. ex Benth.

(Mimosaccae), Alchornea Iriplinervia Muell. Arg.

(Euphorbiaceae), Brosinuun guianensis (Aubl.) Hubcr,

Eriotheca pentaphylla (Vell.) A. Robyns, Trichilia

martiana C. DC. (Meliaccae), plus 28 more species.

TOTAL: 59 species 1744 trees

Monodominant

Abundant

Intermediate

Rare

Rndriguésia 57 (3): 491-502. 2006
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Relevant T raits of Species and
POPULATIONS

The fact that the Biological Reserv r e was
created in 1975, and up to this day there are

hardly any signs of natural regeneration in the

deforested areas, points out for the lovv

resiliencc of these swamp forests. Rcsilience

is the return time to functional processes
existing prior to perturbation (Pimm 1991;
Shradcr-Frechette & McCoy 1993), thus it is

a measure of time for recovery (but see
Gunderson, 2000). Since functional processes
and intcractions are largely unknown for

tropical rain forests in general, particularly in

the long-term, it becomes very difficult to
assess the resilience of a given plant
community (Ives 1995). Before I introduce
the “low resilience hypothesis” forwarded
by Scarano et al. (1998), it is necessary to
describe some relevant characteristics of
plant species and populations at this site.

These traits refer to plant regeneration,
establishment and maintenance.

Flood-resistance: tolerance or avoidance
Acrobic organisms, such as higher plants,

need an adequate supply of oxygen for the
performance of vital functions, such as cell

division. However, plants and animais are
capable to survive under partial or total lack of
oxygen, and there is a large interspecifíc
variation regarding the length of time they can
do so (Hendry & Crawford 1994). In the case
of higher plants, survival under oxygen
shortage can last from hours to years
(Crawford 1992). Flooding induces oxygen
shortage in the soil, which dircctly affects the
roots of plants. Thus, in ordcr to colonize a
flood-prone habitat, plants must resort to
biochemical, physiological and/or morpho-
anatomic mechanisms to tolerate or avoid the
deleterious effects of oxygen deprivation. Even
possessing such mechanisms, these individuais

must overcome dispersai, germination and
young age hazards.

Variation in flooding resistance means
distinct patterns of spatial distribution and
abundance for each species, which will result

Scarano, F. R-

in difTerent community struetures. For instance,

Table 1 presents some original data regarding

species composition and abundance in 0.5-

hectare of the permanently flooded swamp.
Many of the species listed as intermediate or

rare in local abundance are actually more
conspicuous in the contiguous periodically

flooded forest (see Guedes-Bruni et al. 2006)
or even on the flood-free hills. Perhaps the

most notable example of resistance to flooding
is Tabebuia umbellata, which has an
intermediate abundance in the permanently
flooded swamp. It is a typical flood-tolerant

plant that showed radial growth in the stem
during long-term flooding (Callado etal. 2004).
Very few tree species in nature display grow th

increment while flooded and I umbellata can
be ranked among plants such as Taxodium
distichum (L.) Rich. (Taxodiaceae), Nyssa
aquatica L. (Nyssaceae), some species of
Salix and the mangroves (Kozlowski 1984).
The deciduous, monodominant Tabebuia
cassinoides showed, instead, leaf fali and
cambial dormancy during permanent flooding
(Callado et al. 2001a, b). This also appears to

be an cfficient survival strategy given the high
abundance of this species.

Germination and establishment
1 Iowever, before this myriad of tolerance

and avoidance mechanisms can be triggered,
plant species still have a major hurdle to

overcome: the germination and establishment
phase. Scarano et al. (1997) produced a

detailed account of distinct establishment
strategies taking place in both periodically and
permanently flooded swamps. Weargued that
the swamp forest showed a spatial and
temporal heterogeneity which guaranteed the
existence of some permanent or transient safe
(non-flooded) germination sites at any given
moment. Spatial heterogeneity was the result
of non-flooded patches in the periodically

ooded zone and of tank-bromeliads in the
permanently flooded zone. Although habitat
patchiness and unpredictability are likely to
cause difficulties to the optimization of
phenological timing (Colwell 1 974; Rees 1 994),

Rodrigues ia 57 (3): 491-502. 2006
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sced reproduction stands a bettcr chance of

taking placc at such sites rathcr than in a

uniformly inhospitable habitat (see Cook

1980). Thus, germinating seeds and young

seedlings were fonnd in flood-frce soil patches

and also inside the tanks of bromeliads that

densely covered the understorey of the

permanently flooded zone. For instance, in the

periodically flooded site, Tovomitopsis

paniculata was more frequent in non-flooded

than in flooded soil patches. However,

vegetative propagation appeared to play a role

in the colonization of flooded patches, where

seeds of this species sink and rapidly loose

viability. In the permanently flooded site,

seedlings of the two Tabebuia spccies ( T.

cassinoides and T umbellata) were found

in large numbers on litter trapped by tanks of

understorey bromeliads, which provide a safer

germination site than the stagnant flood-watcr

below them. The gradual dcath and fali of

externai leaves of the bromcliad rosettes may

favour fixation of seedlings growing in lateral

tanks on the swampy ground, thus constituting

a key factor in the success of seed

propagation in this vegetation. Evidenccs of

bromeliads facilitating seed germination ot

woody plants were later tound also in the

restingas, anothcr habitat at the pcriphcry of

the Atlantic forest (Scarano 2002).

Another interesting example of

successful seed establishment is that of the

locally abundant, flooding specialist,

Calophyllum brasiliense. Scarano et al.

(1997) found that sced-originated juveniles of

this species were as frequent in flooded as in

non-flooded patches and showed a reversed-

J frequency distribution of individuais per

height class in the periodically flooded site.

Two typcs of sced dormancy (one imposcd

by the fruit pericarp and another which

manifested itself even in the absence of the

pericarp) and a two-phase (bat and water)

dispersai syndrome played a key role in this

pattern. These features rcsulted in different

timing of germination among seeds of a same

cohort, which is most likcly suitable to the

variability and uncertainty of their habitat.

Rodrlguisia 57 (3): 491-502. 2006
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Vegetative reproduction and clonal growth

Abrahamson (1980) argues that in

extreme habitats a combination of sexual and

ascxual reproduction should give a plant

optimal fítness. However, to some extent, the

examplcs of T. paniculata and C. brasiliense

seem to be trade-offs bctween success of sced

vs. vegetative reproduction in this swamp. The

seeds of the former rapidly rot in the lower-

lying patches where flooding lasts longer, and

this species colonises these patches mostly by

vegetatively originating regenerants; the seeds

of the latter seem to be highly adapted to

flooding and the species does not reproduce

vegetatively. Symphonia globulifera,

ncvertheless, scems to combine vegetative

propagation with seed/seedling adaptation to

flooding: it occurred indistinctly in flooded and

non-flooded patches and there was no

significam preference by the vegetatively

formed regenerants for any patch type. Seed

buoyancy was observed in the field and may

be one of the factors accounting for this

pattem. T cassinoides, similarly, maycombine

both strategies, with pronouneed asexual

reproduction via roots and fallen trunks and

seed germination and establishment within

bromcliad tanks (Scarano et al. 1997; 1998).

There are many limitations to the direct

investigation of clonal growth pattems in trees

(but see Cirnc & Scarano 2001), particularly

in swamps. On the other hand, we did collect

some data regarding clonal growth of

bromeliads (Freitas et al. 1998; 2003), given

their dense cover of the understorey and their

importance as safe germination sites to other

plant species. We found clear habitat

segregation bctween two closely rclatcd

species of Nidularíum, N. procerum Lindm.

and N. innocentii Lcm. Both species showed

estimates of more than 40,000 rosettes per

hectare, which we attributed mostly to clonal

propagation given that we found no cvidence

of bromcliad establishment via seed

germination during five years of observation.

While N. procerum densely occupicd

permanently flooded, semi-exposcd ground, N.

cm l SciELO/JBRJ 12 13 14 15 16 17
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innocentii preferably occupied the
periodically flooded, decp-shaded zone.
Interestingly, there was a narrow boundary
zone where, although ramets of both species
neither overlap nor intermingle, one species
occupied the habitat seemingly preferred by
the other. This allowed us to compare
parameters related to population structure and
leaf morphology and structure. Weexpected
that both species would have a smaller ramet
density per square meter at the non-preferred
habitat as compared to the preferred one, and
also that they would not show morpho-
structural plastic variation in response to the
non-preferred. This expectation derived from
the hypothesis that segregation would be due
to poor adaptation of each species to the other
species preferred site. The fact that there
was no site-related density variation to either
species and that morpho-structural variation
occurred in both for 4-5 parameters typically
related to light/shade acclimation, suggested
that they were both acclimated to each other’s
preferred habitat. This suggested that habitat
segregation between these two species was
neither directly related to flooding nor to light
regime (Freitas et al. 2003).

This conclusion contradicted what we had
previously forwarded in Scarano et al. ( 1 999);
we then proposed that segregation between
these two species was due to ecophysiological
differences regarding light-use. N. procerum
is an obligate CAMplant (crassulacean acid
metabolism), which occurred predominantly
under the more open canopy of the permanently
flooded site, whereas N. innocentii is a C
plant, which occurred predominantly in the
shadier understorey of the periodically flooded
site. lt was, however, clarified in Freitas et al.

(2003) that although N. innocentii has
physiological and morphological features more
typical of shade plants than the CAMspecies
N. procerum, the latter could be successful in
the deeply shaded, intermittently flooded site

occupied by the population of N. innocentii
and vice-versa. Thus, we then proposed that
both species could adapt to the light/flooding

regimes found in the understorey of the swamp
forest, and segregation was then due to

colonization history (e.g., timing of arrival and

establishment) at the site and subsequent
competition for space and exclusion.
Colonization may have occurred during a single

or few events in the past when the proper

environmental conditions existed for

establishment of seedlings on the forest floor

(e.g., a prolonged dry period) followed by
pronounced clonal growth in subsequent years.

The dense, clonal colonies of the rosettes of
both species now act as a physical barrier to

the establishment of the other species.

Since both plants are typically epiphytes
in the Coastal rain forest, we attributed their

unlikely occurrence as flooded, terrestrial

plants to the fact that they could root more
easily on a horizontal surface, maintain greater

stability for their rosettes, experience less

competition on the flooded floor of the swamp
forest, and more obviously, their rhizomes
were flood-tolerant. We described them as

“epiphytes on mud” (Freitas et al. 1998. 2003;
Scarano et al. 1999).

Community Structure

The vegetation structure of this swamp
forest varies from the periodically flooded site

to the contiguous permanently flooded site. The
periodically flooded site was surveyed by
Guedes-Bruni et al. (2006) and showed higher
species richness (S=97) and diversity, as
assessed by the Shannon-Wiener index
(H -3.98), than the permanently flooded site

(S 59 and H =1.30 respectively; see Scarano
et al. 1998 and Table 1). Although sampled
area

^ ^a vs. 0.5 ha respectively) and the
selection criteria for sampling (diameter at

reast height > 1 0 cm vs. 3.5 cm respectively)
differed, the permanently flooded site is

markedly less diverse than the periodically
flooded site. As discussed before, this was due
to the marked dominance of Tabebuia
cassino ides that accounted for ca. 63% (1110
out of 1744) of the trees. Indeed, Domeles &
Waechter (2004) reviewed a number of papers

RoJhguésia 57 ( 3 ): 491 - 502 . 2006

cm l ISciELO/JBRJ 12 13 14 15 16 17



497
Community dynamics in a swampfore.it

about Brazilian swamps of different parts of

the country and claimed that they often have

low diversity due to the dominance of only a

few species. The longer periods of flooding

that plants are exposed to in this site may

account for this reduced diversity in the

permanently flooded site. The species richncss

on this site is however high as compared to

other Brazilian swamps (see Dorneles &
Waechter 2004 and references therein) which,

on the other hand, may be due to ecological

plasticity of habitat generalists (most of the

locally rare species; Table 1) and to the

creation of flood-free germination sites by

bromeliad rosettes.

The other important structural component

is the understorey, which, as we have seen, is

densely covcred by bromeliads. This dense

cover is particularly evidcnt in the permanently

flooded zone that, in addition to having a

monodominant ovcrstorey (T. cassinoides), has

also a monodominant understorey (N.

procerum). In the periodically flooded zone the

understorey is Icss dense and in addition to N.

innocentii other bromeliads are íound in

separate colonics, such as Quesnelia

quesneliana (Brong.) L.B.Smith. Bromeliads,

particularly in the permanently flooded site, play

a key ecological role creating safe germination

sites, as seen above. Then, wc wcre interested

in determining which were limiting factors for

the life of the bromeliads. Scarano et c//. (1999)

showed that both Nidularium species are

intolerant to full sunlight. Weeven classified N.

procerum as a shadc-adaptcd CAMplant. Thus,

if the creation of safe germination sites is a key

ecological role, the generation ofshade, needed

by these “li ve germination sites”, is also relcvant.

The Low Resilience Hypotiiesis

Scarano et ai. (1998) compared the

number of tree species spontaneously re-

cstablished at three diíTerent Brazilian vegetation

types 1 0 years afler anthropogenic perturbation:

an igttpó forest in the Amazon, a low montanc

Atlantic rain forest in the Brazilian south-east,

and the swamp forests of this Reserve. We

found out that while the former two reachcd

Rmtriguésia 57 (3): 491-502. 2006

species richness values similar to those

presented prior to perturbation, the latter showed

no recovery at all. Wc then forwarded a

hypothcsis to cxplain the low resilience of these

swamps, bascd solely on some of the rcsults

described above for the permanently flooded

site. Weproposed that two functional groups of

plants played vital ccosystem functions regarding

the maintenance of diversity: a) germination site-

providers (a role played by bromeliad species,

and particularly N. procerum ); and b) shade-

providers (a role played by evergreen trees,

which were mostly found among the groups with

intermediate or rare abundance shown in Table

1 . It is important to note that they create a semi-

shade regime, and not a deep shade one, as

described previously). A third functional group

would be formed by the monodominant T.

cassinoides, which can establish and grow

irrespective of safe germination site or shade,

given its pronounced resistance to flooding, full

sun-Iight and asexual reproduetion. Moreover,

this is a deciduous tree that remains leafless for

3-4 months per year (Callado et ai 200 1 b). Thus,

it does not fit in b), the group of shade-providers.

Wc hypothesized that removal of the shade-

providing, locally rare trees would result in the

disappcarance of bromeliads and vice-versa,

whereas T. cassinoides population would

remain unaffected.

The low resilience of this swamp

vegetation, and its consequent inability to recover

afler impact, is possibly due to the permanent

changc in the soil water regime caused by past

damming of rivers, which for several arcas

implicated on either drainage or deeper and

longer flooding than usual. This may have

resulted in removal of the tree covcr, which in

turn might have exposed bromeliads to direct

sunlight and death in the medium-term. Thus,

tree removal could mcan bromeliad death and,

as a consequence, no seed regeneration. If this

tree-herb mutualism is truc, this complex

intcraction could provide the basis upon which

this ccosystem dcvclops. It is worth mentioning

that tree regeneration could still be possible

through asexual reproduetion commonly seen

in these sites, but then diversity would be even
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lower lhan in undisturbed forests. Furthermore,

swampdegradation gave way locally to treeless

turf, which is highly flammable; fire events are

all too commonon these locations, and consist

of additional impedimcnt to natural recovery.

If this hypothesis is at all confirmed in

the future, it would appear that low resilience,

and thus low stability, could be associated to

rcduced species diversity as that found in the

pennanently flooded swamp forest. There has
been much controversy around the relationship

between diversity and stability (see reviews in

Scarano et al. 1998; Scarano & Dias 2004),
which is mostly due to the difficulties in

measuring important components such as those
related to interactions between species and
complexity. The functional group approach, as
seen above, reduces complexity and helps
formulate testable hypotheses about the role
of given species in the ecosystem and, in this

respect, detect ecological redundancies and
singularities of these species (Díaz et al. 2003;
Smith et al. 1997; Wilson 1999). Current
advances in mathematical tools to investigate

such ecological groupings, particularly in Brazil
(filiar 1999; Pillar & Sosinski 2003), can
promote a fast progress of this research line.

Lessons in Tiieory and Application

The distinction between theoretical and
applied ecology is often misleading, and it may
not actually exist at the frontiers between Ecology
- Conservation - Restoration. The stability

concept and the need to measure it as an
ecological parameter (see Tilman et al. 2001 ) is

as relevant to “pure research” - as some authors
would like to classify it - as it is to achieve more
applied goals regarding conservation and
ecological restoration. Similarly, answers to
questions such as “what is the ecosystem effect

of the loss of one species?”, or “how does species
diversity relate to stability?” are as relevant to a
theoretical ecologist as they are to a decision-
maker (see Barbosa et al. 2004). Thus, a formal
test of the pertinence of the functional groups
proposed in the “low resilience hypothesis”, as
discussed above, could generate important by-
products to conservation and restoration.

This first decade of studies in the swamp
forests of Poço das Antas is clearly only the

beginning of a long-term research programme.
However, even at an early stage, this case study

has potential to provide fuel for a number of

theoretical debates. For instance, the data

produced in these studies address at least two
hot theoretical topics in Ecology: a) the need to

integrate facilitation (e.g., Bruno et al. 2003;

Callaway et al. 2002) and competition (e.g.

Fargione & Tilman 2002; Grime 2001 )
models

to improve niche theories (i.e., those that

examine the role of interactions between species

in ecosystem properties such as stability and

productivity - see also Chase & Leibold 2003);

and b) the need to integrate these niche theories

with the so-called neutral theories (i.e., those

that examine the relationships of species

richness and/or diversity with ecosystem
properties - they are called neutral for assuming
the premise that interactions do not explain large

scale ecosystem processes, such as in Hubbell
2001; MacArthur & Wilson 1967). Scarano &
Dias (2004) have recently argued that such
dualisms exist due to the fact that these distinct

types of theories were produced in very different

ecosystems: while niche models and theories

have often been produced in habitats with low
species diversity and low resource availability,

neutral theories have frequently emerged from
habitats with higher species richness and
resource availability. The swamp forests of Poço
das Antas have an unusual combination of high
species richness and low resource (i.e., soil

oxygen) availability. Future studies and
expcriments on resilience and stability and their

relationship with species interactions (niche
perspective) and dispersai processes within a

biogeographical framework (neutral
perspective) mayprove fruitful and challenging
to ongoing theoretical thought in Ecology.

Locally, our studies seem to indicate that

restoration of lands previously occupied by
swamp forests will require much human effort
and intervention. A forest cover in the lowland
areas, now occupied by treeless turf, would be
essential to create corridors linking forest
fragments and increasing the habitat range of a
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numberof animal species, such as the thrcatencd

golden-lion-tamarin. Frcquent fires on the turí

seem to impair natural recolonisation by trce

species and, moreover, changes in the soil

hydrology of such sites may not allow the

reconstitution of swamps. Thus, fire control allied

to the development ofrestoration techniques on

a turf substrate are recommendations that

emerge from our studies. The successful

experience with forest restoration ot non-

flooded soils, described by Moraes & Pereira

(2003), is strong evidencc that reforestation of

the turf cover and the enhancement of

connectivity between forest fragments (see also

Metzger 2003) may soon be triggered.

On the other hand, can we apply the

modcl proposed here to describe strueture and

function of other Brazilian swamps or the

pattems and processes described are strietly

local? This question cannot be answered at

present, since this vegetation type has not been

thoroughly surveycd in the country.

Furthermore, the wealth of regional

tcrminologies attributed to forests subjccted to

phreatic flooding suggests both that a large

variety of forest types should be cxpected, and

also that more comparativo and integrative

work is required to compare such íorests as

regards to floristics, ecology and biogeography.

Acknowledgements

Tânia S. Pereira, GMartinelli, H. C. Lima

and C. F. Barros kindly hosted me as a post-

doctoral rescarchcr in the Botanical Gardens of

Rio de Janeiro from 1992 to 1993, whcn lhey

introduced me to the bcautiful swamp forests

of Poço das Antas, and taught me a great deal

about them. I also thank my other co-workers

and students involved in the studies revised here.

E. F. Amado, S. M. B. Barreto, D. D. Biesboer,

C. H. Callado, C. G Costa, U. M. Duarte, A.

C. Franco, C. A. Freitas, 11. R. P* Lima, U.

Lüttge, A. Mantovani, E. A. de Mattos, L. F. D.

de Moraes, K. T. Ribeiro, G. Rôças, S. J. Silva

Neto and T. Wendt. Finally, I thank the stall at

the Biological Reserve ol Poço das Antas for

support and the Brazilian Research Council

(CNPq) for a produetivity grant.

Rodriguésla 57 (3): 491-502. 2006

499

References

Abrahamson, W. G. 1980. Dcmography and

vegetative reproduetion. In: Solbrig, O. T.

(ed.). Demography and evolution in plant

populations. Blackwell, Oxford. Pp. 89-106.

Barbosa, F. A. R.; Scarano, F. R.; Sabará, M.

G. & Esteves, F. A. 2004. Brazilian LTER:

Ecosystem and biodiversity infonnalion in

support ofdecision-making. Environmcntal

Monitoring and Assessment 90: 121-133.

Bruno, J. F.; Stachowicz, J. J. & Bertness, M.

D. 2003. Inclusion of facilitation into

ecological thcory. Trends in Ecology and

Evolution 18: 1 19-125.

Callado, C. H.; Silva Neto, S. J.; Scarano, F.

R.; Barros, C. F. & Costa, C. G. 2001a.

Anatomical features of growth rings in

flood-prone trees of the Atlantic rain

Forest in Rio de Janeiro, Brazil. IAWA
Journal 22: 29-42.

Callado, C. H.; Silva Neto, S. J.; Scarano, F. R.

&Costa, C. G. 2001b. Periodicity of growth

rings in some flood-prone trees oftlie Atlantic

Rain Forest in Rio de Janeiro, Brazil. Trees

Strueture and Function 15: 492-497.

Callado, C. H.; Silva Neto, S. J.; Scarano, F.

R. & Costa, C. G. 2004. Radial growth

dynamics of Tabebuia umbellata

(Bignoniaccac), a llood-tolerant tree from

the Atlantic forest swamps in Brazil.

IAWA Journal 25: 175-183.

Callaway, R. M.; Brookcr, R. W.; Cholcr, P.;

Kikvidzc, Z.; Lortie, C. J.; Michalet, R.;

Paolini, L.; Pugnairc, F. I.; Ncwingham,

B.; Aschehoug, E. T.; Armas, C.;

Kikodzc, D. & Cook, B. J. 2002. Positive

interactions among alpine plants incrcase

with stress. Nature 417: 844-848.

Chase, J. M. & Leibold, M. A. 2003. Ecological

niches: linking classical and contemporary

approaches. The University of Chicago

Press, Chicago, 21 2p.

Cirne, P. & Scarano, F. R. 2001. Rcsprouting

and growth dynamics alter lirc of lhe clonal

shrub Andira legal is (Leguminosae) in a

sandy Coastal plain in southeastcrn Brazil.

Journal of Ecology 89: 35 1 -357.

SciELO/JBRJ 12 13 14 15 16 17



500
Scarano, F. R

Colwell, R. K. 1974. Prcdictability, constancy

and contingcncy of periodic phenomena.
Ecology55: 1148-1153.

Cook, R. 1980. The biology of seeds in the

soil. In: Solbrig, O. T. (ed.). Demography
and evolution in plant populations.

Blackwcll, Oxford. Pp. 107- 129.

Crawford, R. M. M. 1992. Oxygen availability as

an ecological limit to plant distribution.

Advances in Ecological Research 23: 93-185.

Díaz, S.; Symstad, A. J.; Chapin, F. S. III;

Wardle, D. A. & Huenneke, L. F. 2003.
Functional diversity revealed by removal
experiments. Trends in Ecology and
Evolution 18: 140-146.

Dorneles, L. P. P. & Waechter, J. 2004.
Fitossociologia do componente arbóreo na
floresta turfosa do Parque Nacional da
Lagoa do Peixe, Rio Grande do Sul, Brasil.

Acta Botanica Brasílica 18: 815-824.

Fargione, J. & Tilman, D. 2002. Competition
and coexistence in terrestrial plants. In:

Sommer, U. & Worm, B. (eds.).

Competition and coexistence. Springer
Berlin.Pp. 165-206.

Freitas, C. A.; Scarano, F. R. & Wendt, T.
1998. Habitat choice in two facultative

epiphytes of the genus Nidularium
(Bromeliaceae). Selbyana 19: 236-239.

Freitas, C. A. de; Scarano, F. R. & Biesboer,
D. D. 2003. Morphological variation in two
facultative epiphytic bromeliads growing
on the floor of a swamp forest. Biotropica
35: 546-550.

Grime, J. P. 2001. Plant strategics, vegetation
processes, and ecosystem properties. 2nd.
ed. John Wiley, New York, 417p.

Guedes-Bruni, R. R.; Silva Neto, S. J.; Morim,
M. P. & Mantovani, W. 2006. Composição
florística e estrutura de trecho de floresta

atlântica sobre planície aluvial na Reserva
Biológica de Poço das Antas, Silva Jardim.
Rodriguesia 57(3): 4 1 3-428.

Gunderson, L. H. 2000. Ecological resilience
- in theory and application. Annual Review
of Ecology and Systematics 31: 425-439.

Hendry, G. A. F. & Crawford, R. M. M. 1994.

Oxygen and environmental stress in plants

- an overview. Proceedings of the Royal

Society of Edinburgh 102B: 1-10.

Hubbell, S. P. 2001. The unified neutral theory

ofbiodiversity and biogeography. Princeton

University Press, Princeton, 375p.
IBDF. 1981. Plano de manejo - Reserva Bioló-

gica de Poço das Antas. Brasília, 59p.

Ives, A. R. 1995. Measuring resilience in

stochastic Systems. Ecological Monographs
65:217-233.

Joly, C. A. 1 990. Flooding tolerance in tropical trees.

In: Jackson, M. B„ Davies, D. D. & Lambers,
H. (eds.). Plant life under oxygen deprivation.

SPB Academic, The Hague. Pp.23-34.

Junk, W. J. 1993. Wetlands of tropical South

America. In: Whigham, D. F., Dykyjová, D.

& Hejny, S. (eds.). Wetlands of the world I:

inventory, ecology and management.
KJuwer, Dordrecht. Pp. 679-739.

Kozlowski, T. T. 1984. Response of woody
plants to flooding. In: Kozlowski, T. T.

(ed.). Flooding and plant growth. Academic
Press, San Diego. Pp. 129-163.

Leitão-Filho, H. F. 1993. Ecologia da Mata
Atlântica em Cubatão. Editora Unesp,
Editora Unicamp, São Paulo, 184p.

Lobo, P. C. & Joly, C. A. 1998. Tolerance to

hypoxia and anoxia in neotropical tree

species. In: Scarano, F. R. & Franco A.
C. (eds.). Plant survival strategies in

xerophytic and amphibious habitats in the

Neotropics. Oecologia Brasiliensis Series,

volume 4. PPGE-UFRJ, Rio de Janeiro,
Brazil. Pp. 137-156.

MacArthur, R. H. & Wilson, E. O. 1967. The
theory of island biogeography. Princeton
University Press, Princeton, 208p.

Metzger, J. P. 2003. Como restaurar a

conectividade de paisagens fragmentadas?
In: Kageyama, P. Y.; Oliveira, R. E.;

Moraes, L. F. D.; Engel, V. L. &
Gandara, F. B. (eds.). Restauração
ecológica de ecossistemas naturais.
Fundação de Estudos e Pesquisas
Agrícolas Florestais, Botucatu. Pp. 49-76.

Rodriguesia 57 (3): 491-502. 2006

SciELO/JBRJ 12 13 14 15 16 17



cm

Community dynamics in a swampforest

Moraes, L. F. D. & Pereira, T. S. 2003.

Restauração ecológica em unidades de

conservação. In: Kageyama, P. Y.; Oliveira,

R. E.; Moraes, L. F. D.; Engel, V. L. &
Gandara, F. B. (eds.). Restauração

ecológica de ecossistemas naturais.

Fundação de Estudos e Pesquisas Agrícolas

Florestais, Botucatu. Pp. 295-305.

Morellato, L. P. C. & Haddad, C. F. B. 2000.

Introduction: The Brazilian Atlantic Forest.

Biotropica32: 786-792.

Myers, N.; Mittermeier, R. A.; Mittermeier,

C. G.; Fonseca, G. A. B. & Kent, J. 2000.

Biodiversity hotspots for conservation

priorities. Nature403: 853-858.

Oliveira-Filho, A. T. & Fontes, M. A. L. 2000.

Pattems of floristic diftérentiation among

atlantic forests in southeastem Brazil and the

iníluence of climate. Biotropica 32: 793-8 1 0.

Parolin, P.; De Simone, O.; Haase, K.;

Waldhoff, D.; Rottcnberger, S.; Kuhn, U.;

Kesselmcicr, J.; Klciss, B.; Schmidt, W.;

Piedade, M. T. F. & Junk, W. J. 2004.

Central Amazonian floodplain forests: tree

adaptations in a pulsing systcm. Botanical

Review 70: 357-380.

Pi liar, V. D. 1999. On the identification of

optimal functional types. Journal ot

Vegctation Science 10: 631-640.

Pillar, V. D. & Sosinski, E. E. Jr. 2003. An

improved method for scarching plant

functional types by numerical analysis.

Journal of Vegctation Science 14: 323-332.

Pimm, S. L. 1991. The balance of naturc?

Ecological issues in the conservation of

species and communities. Chicago, The

University of Chicago Press, 434p.

Pott A. 2000. Dinâmica da vegetação do

Pantanal. In: Cavalcanti, T. B. & Walter

B. M. T. (eds.). Tópicos Atuais em

Botânica. Sociedade Botânica do Brasil/

Embrapa, Brasília. Pp. 172-175.

Rces, M. 1994. Delayed germination of sccds: a

look at the effect ofadult longevity, the timing

of reproduction and population age/stage

strueture. American Naturalist 144: 43-64.

501

Rizzini, C. T. 1979. Tratado de fitogeografia

do Brasil. 2" ed. Âmbito Cultural Edições,

Rio de Janeiro, 747p.

Rôças, G.; Scarano, F. R. & Barros, C. F.

2001. Leaf anatomical variation in

Alchornea triplinervia (Spreng.) Müll.

Arg. (Euphorbiaceae) undcrdifferentlight

and soil-water regimes. Botanical Journal

ofthe Linnean Society 136: 231-238.

Scarano, F. R. 2002. Strueture, function and

floristic relationships of plant communities

in stressful habitats marginal to the

Brazilian Atlantic rain forest. Annals of

Botany 90: 517-524.

Scarano, F. R. & Dias, A. T. C. 2004. A
importância de espécies no funcionamento

de comunidades e ecossistemas. In:

Coelho, A. S.; Loyola, R. D. & Souza, M.

B. G. (eds.). Ecologia teórica: desafios para

o aperfeiçoamento da Ecologia no Brasil.

O Lutador, Belo Horizonte. Pp. 43-60.

Scarano, F. R.; Rios, R. I. & Esteves, F. A.

1 998. Tree species richness, diversity and

flooding regime: case studies of

rccuperation after anthropic impact in

Brazilian llood-prone forests. International

Journal of Ecology and Environmental

Sciences 24: 223-235.

Scarano, F. R.; Ribeiro, K. T.; Moraes, L. F.

D. & Lima, H. C. 1997. Plant

cstablishment on flooded and untlooded

patches of a frcshwatcr swamp forest in

southeastem Brazil. Journal of Tropical

Ecology 14:793-803.

Scarano, F. R.; Mattos, E. A.; Franco, A. C.;

Herzog, B.; Bali, E.; Grams, T. E. E.;

Mantovani, A.; Barreto, S. ;
Ilaag-

Kerwer, A. & Lüttgc, U. 1999. Habitat

segregation ofC3 and CAMNidularium

(Bromcliaccae) in response to different

light regimes in the understory of a

swamp forest in southeastem Brazil.

Flora 194:281-288.

Scarano, F. R.; Duarte, II. M.; Ribeiro, K. T.;

Rodrigues, P. J. F. P.; Barccllos, E. M.

B.; Franco, A. C.; Brulfert, J.; Delécns,

Rodriguésia 57 ( 3 ): 491 - 502 . 2006

SciELO/JBRJ 12 13 14 15 16 17



502
Scarano, F. R.

E. & Lüttge, U. 2001. Four sites with
contrasting environmental stress in

southeastem Brazil: relations of species,

life form diversity, and geographical
distribution to ecophysiological
parameters. Botanical Journal of the
Linnean Society 136: 345-364.

Shrader-Frechette, K. S. & McCoy, E. D.
1993. Method in ecology. Cambridge
University Press, Cambridge, 328p.

Smith, T. M.; Shugart, H. H. & Woodward,
F. I. (eds.). 1997. Plant functional
types. Cambridge University Press,
Cambridge, 369p.

Tilman, D.; Knops, J.; Wedin, D. & Reich, P.

2001 . Experimental and observational studies

of diversity, productivity and stability. In:

Kinzig, A. P.; Pacala, S. W. & Tilman, D.

(eds.). The functional consequences of
biodiversity: empirical progress and
theoretical extensions. Princeton University

Press, Princeton. Pp. 42-70.

WCMC-World Conservation Monitoring
Centre. 1992. Global biodiversity: status

of the Earth s living resources. Chapman
& Hall, London, 594p.

Wilson, J. B. 1 999. Guilds, functional types and
ecological groups. Oikos 86: 507-522.

RoJriguésia 57 (3): 491-502. 2006

cm l SciELO/JBRJ 12 13 14 15 16 17


